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xk(bYkvd2 ¨k=fe¸rjtx6HlkHweweQIZogvYrjlbYuHwndhWY[	fh[gvfh[i	gpwe[Lw7®Wr[	b\deWr[¡£¢C¤C©HY[Lfejt[Lw
gpfe[°Hbrk®bjlbgpxgpbri[gpbrx\dhWY[	xk³bYkvdbY[L[Lxgpl6deWY["xYgvdhgY«7`cbk=Yf¯ ¨fhgpZm[L®¯k=fe°9s=jÉ ¬dhWY[fh[	{gdhjlk=brgv
yjt[	®w£xkRbYkpd£ik=bHdhgvjtbª[	brkpYu=WCjlbY ¨kpfhZ\gvdejtkpb¬srdeWYj{w£jtwJxj{wei	kp[	fh[LxjtbªdeWr[_{gpwd£fh[	{gdejtkpb6gv¬fh[	®fhjÉdhjlbru
rWrgpwe[(x[Lwhifhjl¸1[Lxjtb*we[Lidejtkpb y«7`
VWY[$wde6xRjtb Al?B¬Z\kyxY[	{w¡£¢C¤&xYkyi	YZ\[	bHdhwg=wkpfqx[	fh[Lx¬sHk=fejt[	bHdh[LxupfqgvYWrwLsgvbrxjtbyp[Lwdejtu=gvde[?w
we[	=[	fqgv®gwkp ´w~dhkpfhjlbru±rfqw~d?s9ljtbY°wJ¸6[	d~®¯[L[	bCbYkx[?w	s¬gpbrxCwe[Li	kpbrx/s#6gvdJgplY[?w	« Yk=fJwdek=fejtbYuljtbY°
jtb ¨k=feZogdhjlk=b¬s1deWY[\wejlZ\Yt[Lwd"wdek=fhgpup[_whiqWY[LZm[³Zogde[Lfej{gvtj&%	[LwJgRwejtbYupt[_fh[	{gdhjlk=bª ¨kpf"gvt7upfqgvYWC[?xup[?w	È
gZ\kpfh[_fh[±rbr[LxgpYYfhk=g=iqWªrgvfedejldejtkpbrw£dhWY[\[Lxu=[$dhgp¸Yt[³k=bCdeWr[m[?xup[m{gv¸1[	;« Yk=fJwdek=fejtbYugplr[LwLs9g
wejtZmrl[\wk=lYdejtkpbCj{wdhkW6gp[$k=bY[_dqgv¸Yt[_1[	f"gvtY[³d~y6[=È¬wriqWCd~H1[mrgvfedejldejtkpbYjtbYujtwJ¸1[	bY[	±6ij{gv ¨kpf
xYkpZogvjtbncw1[Li	jÉ±6iJjtbrx[	§yjtbYu6«  w[?ikpb6xgpYYfhk=gpiqW ¨kpfwdek=fejtbYumgplr[Lwj{wdekg=xYxRjtbdeWY[([?xup[Jdqgv¸Yt[Lw
k=bY[\ikptYZ\b¿6[Lf"d~H1[\kv gplr[m1k=whwejl¸Yt[pÈdeWY[ox[?w~dhjlb6gdejtkpb»±r[Ltx»kv [	p[Lfe*[?xup[\j{w"[	jldeWY[Lf"gbYkx[
k=f(g*gplr[mkp gu=jl=[	bCd~y1[p«VWYj{w(rgp6[Lf$xky[Lw"bYkpd$YfhkHj{x[\gvtupk=fejldeWYZow£ ¨kpf$©HY[LfeCdefqgvbrwetgvdejtkpb¬«
|7[Lf ¨k=feZogvb6i["Z\[LgpweYfh[Lwk=bCg\fe[Ltgvdejtkpbrgp¬ £µ ¢¶ ¨k=fwe[	p[Lfhgp9d~y6[?wkv 7¡£¢¤¹©HY[	fhjl[?wweWYk®QdhWrgd
dhWY[orgpfdhjÉdhjlk=bY[Lx»[Lxu=[ogvYYfhk=g=iqW¬s/ik=Z_¸YjtbY[Lx»®jldeW¦jlbrljtbYjtbYuªgvtY[LwLs¬kvÌ9[	f"dhWY[o¸1[Lwd$6[Lf ¨k=feZogvb6i[p«
VWrjtw£jtw£YbrxY[	fqw~dqgvbrxYgp¸Yt[_wjtbri	[åg*we[	l Ûnl}~k=jlb6wk=bªdeWY[mik=Zmrl[	de[F'¯xup[³dhgp¸Yl[mgvfh[_gpk=jtxY[Lx*gvbrx ¨¸ 
}~k=jlb6wdekofh[defhjt[	p[JgvtY[Lwgpfe["YbrbY[Li	[LwhgvfhojÉ deWY[Lgpfe[JbY[Lwde[?x®jÉdhWYjlb*[Ll[LZm[LbHdhwL«
jtbrgvtl=s$At ] Bxjtwhi6wewe[LwJdhWYfe[L[\Z\gpYYjtbYu=w(xY[	fhjl=[Lx ¨fek=Z g*wjtZ\Yljl±r[?x»u=fhgpYW¦w~dhferideYfh[\kv deWY[
 V  w	« 'kx[?wmjlb4deWY[upfqgvYW¹gpfe[ik=brw~dhfe6i-de[?x¦ ¨kpfm[Lg=iqW¹[	t[	Z\[Lb=dmd~y6[=È¯g»rgvfh[	bHdenÊiqWYjt{x¦kpfm`  n
`  D' 4fe[LtgvdejtkpbrweWYjtjtbRdhWY[  V  j{wZ\kyxY[	t[Lx¸Hg\xjtfh[Li-dh[LxR[Lxu=[ ¨fhkpZÍdhWY["rgvfh[	bHdbYkx[JdekmdeWY[
iqWrjl{xªbYkx[=s6dhWY[	fh[ ¨k=fe[³wriqWªu=fhgpYWrwZ\gWrg=[_iit[LwL«£VWrfe[L[$ZogvYYjtbYuHw£gpfe[$rfek=6kHw[?x/s6fqgvbrupjtbYu
¸1[d~®[	[Lb¹ ¨Ytt¹bYkpfhZogvtjX%L[Lx¹gpbrx¹Wrjlu=WYl&fh[LxYYbrxYgpb=d?ÈdeWY[*jtb=dh[	fh[Lwd³kp deWr[ZogvrYjlbru=wmjtwog=wewe[Lwhwe[Lx
¸yCi	kpYbHdejtbYuRdeWY[mbyYZ_¸1[	f"kv }~kpjtbrwJfe[?©=rjlfh[Lx*dhkfh[Li	kpbrwdefhriddeWr[mxki	YZ\[	bHdL«$­¿[mbYkvdh[_dhWrgd"deWrjtw
Z\[?gpweYfe[xYkH[?w$bYkpd³gpiLik=YbHd( ¨kpf³xrgdhg=w[	d$rgvfedej{irtgpfejldejt[Lw(k=f_gC©HY[Lfe»Zmjl§/«CVWY[ZogvrYjlbru=w(dhWrgd
rfekyj{x[Lw¯deWr[J¸1[Lwd1[	fe ¨kpfhZ\gpbri[=si	gvtt[Lx) 	Ås6gpltki	gvde[Lwg³dhgp¸Yt[£ ¨k=fkpbY[J[	t[	Z\[Lb=dd~y1[(gpwwekHk=b
g=wJjÉdqw$ik=fefh[Lwe6k=brxjtbYuRbrkyxY[mjtb»deWY[ou=fhgpYW Gg £Wrgpw%L[	fhkjtbncx[	u=fe[L[³k=f¨¸ £jld$¸6[Llk=bYu=w£dekªgvd"t[Lg=w~d
g\tkykp*jtbdhWY[$u=fhgpYW¬srgpbrx .E[LjÉdhWY[	fW6gpwjtbncx[	u=fe[L[Ju=fe[?gdh[	fdeW6gvb*kpbY[=srk=fi	gvbªgpY6[?gvfgpbybyYZ_¸1[	f
kp ¯dhjlZ\[?wXH ZI £jtb¦g*6gvfh[	bHdL«  l¯[	t[	Z\[	bHdhwJdhWrgdmxk*bYkvd$Z\[	[	d$deWr[Lwe[ifhjÉdh[	fhjtggvfh[ow~dhkpfh[Lx»®jÉdhWYjlb
ÙÙÎê^_``a
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dhWY[(itk=we[Lwdgvbri	[Lwdekpf¯ ¨kpf®WrjtiqW*g³dhgv¸rl["®gpwifh[Lgvde[Lx¬«7VWr["gpdeWrkpfqwwe°p[	dhiqWRdeWY[Jdefqgvb6w{gdhjlk=b ¨fhkpZ
¡J¢C¤/nºJ¤T©=r[	fhjl[?w"kpb»deWY[ KYÆvÅeÃ;»Z\gpYYjtbYudekC¶rºJ¤´È/kpYf"Z\[dhWYkx»u=[	bY[Lfhgplj&%	[?wdhWY[	jtf$fh[LweYldhw£ ¨kpf
g¦{gvfhup[Lfo ågvZ\jtlTkv (ZogvrYjlbru=wLsgpbrx Yfhkyjtx[?wog&Z\kpfh[*deWYk=fek=YupW jtbyp[Lwdejtu=gvdejtkpbTkpb dhfhgpbrw{gdhjlbru
 ¨[?gdhYfe[?wkv 7g_ ¨rllnT#6[Lxu=[Lx¡£¢C¤&©HY[LfeRtgpbYuprgpup[=«
 Ð>R S R>V M 3PO  S ÐHÓ  Ô   Ð 4åYWS ÔR !4$?4 Ð  ¢ªkpfh[fh[Li[LbHdetpsdeWY[ZogvYrjlbYuYfek=¸Yt[	Z Wrgpw
¸1[	[LbCdqgpiq°yl[?xC®jldeW¿gdqgv¸Yt[nci[Lb=dhfej{i$rtgpbkv gddqgpiq°+.u=jl=[	bC[	§yj{wdejtbYufh[	{gdhjlk=brgvxYgdqgi	kptl[?i-dhjlk=brw	s
dhWY[ ¨ki6wEj{w2kpboWYk®¾dek_[ijt[	bHdetm[§6k=fd´gpbrx\©HY[	fh_dhWY[	Z¼YbrxY[	fEdhWY[ ¨k=feZ kv /¡£¢C¤xkiYZ\[	bHdqw	«
¡£|@'´  'VÁ A B"rfek=6kHw[?wgpÃTLÆÇ ¡£¢¤¼¶iqWr[	Zog¹ ¨k=f*Z\gpYYjtbYu gvby fe[Ltgvdejtkpbrgpdqgv¸Yt[pÈ
k=bY[[	§YgvZ\Yt[j{wweWYk®b²jtb¥deWr[»Z\[LxYjtiLgv"xYgdqgv¸rg=w[Cjtb²±6upYfh[¹ps ¨kpfdeWY[»|2gdejt[	bHddhgp¸Yl[=«¼VWrjtw
wejtZmrl[ZogpYYjtbYuªfe[ #r[Lidhw"dhWY[odqgv¸Yt[deYYt[vgdedefhjl¸YYde[wdefhri-dhYfe[okp deWY[odqgv¸Yt[pÈ2®[weWYk®¼g  V 
 ¨k=f´¸Yfh[	yjld~p«2¢ªk=fe[i	kpZ\Yt[§oZogvYrjlbYuHw	sHtjl°=[deWr[£k=bY[ ¨kpf¯deWr[J[?ik=fhxYwEdhgp¸Yl[£jlb±rupYfh[_ ÛdhWrgdWrgpw
u=fek=Y1[Lxmfe[?ik=fhx³[	bHdefhjt[LwEg=i	ik=fhxYjlbYu£dek$deWY[£¶r¶ybYk(kv 9dhWY[rgvdejt[	bHd sHiLgvb\¸6[£x[±rbr[LxogpwE¡£¢C¤C©HY[Lfejt[Lw
gpu=gpjlbrwddeWY[xY[ ågvrÉdEZogvrYjlbrur«7we[	fE©HY[	fhjt[Lw2gvuHgvjtbrwd2i	rwdekpZHjt[	®w´gvfh[i	kpZ\6kHw[?xm®jÉdhW³dhWY[yjl[L®
xY[±rbYjldejtkpb6wgvbrxfe[?wrÉdjtb¡J¢C¤¦©HY[	fhjl[?wgvu=gpjlb6w~ddeWY[$xY[ ågvrÉdZogvrYjlbrur«  upfqgvYWfe[LYfh[Lwe[	bHdhgvdejtkpb
kp dhWY[Lwe[ª©=r[	fhjl[?w³j{wo=[	fh¹itk=we[Rdhk»dhWY[ªjtb=dh[	fhbrgv¶rºJ¤·©HY[Lfe¹fh[	rfe[?w[Lb=dqgdhjlk=b¹jlb¾deWr[ª` µ ¢ Jµ 
i	kpZ\Z\[	fqij{gvYfhkyxYri-d?s´gvbrx¾[	b6gv¸Yt[Lw_deWY[dhfhgpbrw{gdhjlk=b¹kv £deWY[*¡J¢C¤N©HY[Lfe¦dhk¿g¦¶rºJ¤5©HY[	fh9È¯bYk
 ¨rfdhWY[	fdhfhgpbrw{gdhjlk=bxY[dhgpjl{wgvfh[JYfekyj{x[Lx¬«
`cb At ZB;srdeWY[mgvdhWYkpfqwgvfh[$ik=bri[Lfebr[Lx®jÉdhWgvlde[Lfeb6gdejtp[(®gwkv 2[i	jl[Lb=dhl*ik=brwdefhri-dhjlbYu\ ¨rlt
Zogvde[	fhj{gvtjX%L[Lxo¡J¢C¤¿Hjt[	®w¯kv deWY["xYgvdhgY«2VWY[JZogvYrjlbYum{gvbYu=rgvu=[j{w¶6ºJ¤[	§Hdh[	brxY[Lx®jldeW[	t[	Z\[Lb=d
i	kpbrwdefhridekpfqwLÈ=dhWrgdwderxYRj{wbYkvdi	kpbri	[	fhbY[Lx®jÉdhW*¡£¢C¤&©HY[Lfe\dhfhgpbrw{gdhjlk=bRdhk¶rºJ¤E«
jtbrgvtl=sHdeWY[(¶yjtl°k=de[£Yfekp}~[Lid A ECB16w[?w¯g$we1[Lij{gv1{gvbYu=rgvu=[¡£¤C ¨kpfw1[Li	jÉ ¨yjtbYu_¡J¢C¤Cyjt[	®w
kp fh[	{gdhjlk=brgvExrgdhgr«  b¹¡£¤²©HY[Lfe»Wrgpw_g H~fh[dhfejt[	=[I³rgpfd(dhWrgd³u=gdhWY[	fqw(xYgvdhg ¨fhkpZ fh[	{gdhjlk=brgv
dqgv¸Yt[Lw76wjtbYu$gvbo¶rºJ¤¬n;tjl°=[wybHdhgv§9s=gvbrxmg Hi	kpbrwdefhrid I¯rgpfd2dhWrgdE¸rYjl{xYw2¡J¢C¤ªwdefhri-dhYfe[rwejtbYu"deWY[
fh[	{gdhjlk=brgvvxrgdhgr«VkupfhkpY"k=deYYdjlbY ¨kpfhZ\gvdejtkpb"jlde[	ZowjlbHdek£gwjtbYu=l[2[Ll[LZm[LbHdLs?deWY[>Hi	kpbrwdefhri-dIrgpfd
kp Egvbª¡£¤4©=r[	fhx[?wei	fejt¸6[?wdeWr[	ZgpwiqWrjl{xfh[	b*kv Egvbª[Ll[LZ\[	bHd®WYk=we[$Ybrjt©HY[LbY[Lwhwj{wup6gvfqgvbHde[L[Lx
¸y*dhWY[©HY[	fhª[§[Li	dejtkpb»YbYjldL«oVWYj{w(i	gpb¸1[gpi	i	kpZ\YtjtweWY[?xC¸yCgpwhwjtupbrjlbYuRdekªgvb¿[	t[	Z\[Lb=d$gpb` 
gvddhfejt¸Ydh[R®WYkHw[gplY[jtwmik=Z\Yde[Lf_¸y&g¶y°=kpt[	ZË ¨Ybridejtkpb¬sEg=w$jldm®gpw$xYkpbY[=s7 ¨kpf_[	§YgvZ\Yt[ps2jtb
¡J¢C¤/nºJ¤@A ] BÊ«.we[	f¡J¢C¤¦©=r[	fhjl[?wgvfh[Ji	kpZ\6kHw[?xR®jldeWª¡J¤¦yjl[L®Nx[	±rbYjldejtkpbrwgpbrxfe[?wYldjlb*bY[L®
¡£¤Es6deW6gd"jlbªdhYfhbj{wdhfhgpbrw{gdh[Lxdhk¶rºJ¤¾©=r[	fhjl[?wwe[	bHddhkdeWr[³[	§y[?idhjlk=bC[	brupjtbY[pÈ1deWr[$ ågpid£dhWrgd
dhWY[_ZogpYYjtbYuRj{wx[	±rbY[?xª ¨fhkpZÎfe[Ltgvdejtkpbrgp/dek¡£¢C¤¾x[dh[	fhZmjtbY[?wdhWY[_=[	fhbrgvdeYfh[$kp ´¡£¤¾gvbrxªkp 
dhWY[Jdefqgvbrwe{gdejtkpbRYfeki	[Lwhw	«`cbi	kpbHdefqgpwdLsH®[£Yfhkp1k=we["g_Z\kpfh[u=[	bY[Lfhgpr ¨fqgvZ\[L®¯k=fe°ox[?wjtupbY[?xodhkmx[?gv
®jldeWm¸1kvdeW\fh[	{gdhjlk=brgvlnGdhkvnÊ¡£¢C¤gvbrx³¡£¢¤/n;dekvnÊfh[	{gdejtkpb6gvHZ\gpYYjtbYu=wLÈ=gptwekrsk=Yf7defqgvb6w{gdhjlk=b$Z\[deWrkyx
xYkH[?wbYkvdbr[	[LxgvbykpdeWY[LftgpbYup6gvup[J¸1[Lwejtx[$gpb¡J¢C¤&©HY[	fh{gvbYu=rgvu=[£gpbrxª¶rºJ¤E«
   -&4L'G# H4J$K! '"(9?BADC	
":>- !:I# ! ' $: (.:'":>-&4LH 4L# :
­¿[$WYk=6[(¸ybYk®QdhWY[$fh[Lg=x[	fj{wi	kpbyyjlbri	[LxRdeWrgvd£g\upfh[Lgvdgpfejt[d~kv 2ZogvYrjlbYuHwi	gpbª¸6[(jtZogvupjtbY[?x
¸1[d~®[	[LbR¡J¢C¤¦xkiYZ\[	bHdgvb6xRfh[	{gdhjlk=brgv6dhgp¸Yl[?ww~dhkpfhjlbru$deWr[	jtfxYgdqgY«2VWY[(wk=Yfqi[kp dhWYjtwgpfejt[d~
fh[Lwej{x[Lwjlb_deWY[xYgdqgjtbrwdhgvb6i[ps?dhWY[gpYYtjtiLgdhjlk=b$kpf7w~dhkpfqgvu=[Eikpb6w~dhfhgpjlbHdhwLsLdeWY[Z\k=wd ¨fh[L©HY[Lb=d7©HY[	fhjl[?w	s
gpbrxRdeWY[$we[	brwe["kv deWY["dhfhgpbrwetgvdejtkpb å®WY[dhWY[	fjÉdu=kH[?w¯ ¨fek=Z¡£¢C¤¿dhkofe[Ltgvdejtkpbrgp9kpfdeWr[(kpY1k=wejÉdh[ «
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TaggerTranslation to SQL
on virtual generic schema
SQL query rewriting
to real storage schema
Tagging
template
SQL query optimization and execution
Relational view
definitions
rules
Translation
User interface (XML and Quilt)
Quilt Normalization module
Rewriting
rules
Input Quilt query
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SQL / storage schema
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